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ROHDE & ASSOCIATES LLC- 
EMERGENCY MANAGEMENT 

March 23, 2020 
 
Dane Sinagra, P.E. 
Capital Program Manager 
Golden State Water Company 
 
RE:  Cowan Heights Wildfire Resiliency Review 
 
Dear Dane, 
 
Please find attached a summary of findings for the Cowan Heights District from our wildfire 
resiliency inspection conducted on March 5, 2020. 
 
The System was found to be in relatively good condition with a mix of older buildings and 
upgraded sites. The Newport and Fairhaven sites are well within city boundaries, with no 
wildfire threat and are not included in this report.    
 

Facility Name Status Summary Wildfire Risk 
Clearview Minor Recommendations Low 
Cowan Heights Warehouse Moderate Recommendations High 
Fox Run Moderate Recommendations Moderate 
Huntington Horn Moderate Recommendations Moderate 
Kimberwicke Minor Recommendations Low 
La Vereda Minor Recommendations Low 
Peacock Minor Recommendations Low 
Timberline Moderate Recommendations Moderate 

 
Please let us know if you have any questions regarding this report.  We anticipate your 
engineering staff may have additional questions regarding these findings.  We will be happy to 
communicate with them directly as this occurs. 
 
Sincerely, 

 
Michael S. Rohde, 
CEO/Principal 
MichaelSRohde@gmail.com 
(949)275-4545 

www.RohdeAssociates.net 
30 Via Gatillo, Rancho Santa Margarita, CA 92688  24 hrs.: 949.275.4545 
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Clearview, Cowan Heights System 
 
1514 Clearview Ln, North Tustin 
 
Observations: 
This storage reservoir is in a historical fire corridor; however, it is located well within the 
community surrounded by private homes with irrigated and landscaped yards.  The site consists 
of an above ground reservoir, booster station and partially sunken reservoir.  All assets are 
constructed of non-combustible materials. The area is surrounded by a well-maintained gravel 
bed leading to perimeter fencing.  There is ivy growing on the fence that is green with very little 
dead materials.  Two plywood boxes are on the site to cover the booster stations; however they 
are not being used and are being stored near the fence line. 
 
Needs: 
Remove the plywood boxes from site.  If the booster stations need to be covered recommend 
providing a cover made from non- combustible materials such as aluminum.  Routinely inspect 
the perimeter fence line for signs of dead vegetation and remove if found. Continue with 
clearing annual accumulation of leaf litter and weed control. 
 
Additional Recommendations/Observations: 
None 
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Cowan Heights Warehouse, Cowan Heights System 
 
10052 Brier Lane, Santa Ana 
 
Observations: 
The office and warehouse are located approximately 1/2-mile from Peter’s Canyon Regional 
Park which includes 340 acres of coastal sage scrub, riparian, freshwater marsh and grassland 
habitats.  The location is in direct alignment of a historical fire corridor and subject to strong 
Santa Ana winds. The general area experienced significant fire losses in the Green River Fire in 
1948, consuming 22 homes, the Stewart Fire in 1958, consuming 16 homes, the Paseo Grande 
Fire in 1967, consuming 66 homes and the Santiago Fire in 2007 that consumed 15 homes. 
 
Assets at this location include a 40-foot by 15-foot office building, a 45-foot by 39-foot 
warehouse both with plywood siding and 3-tab asphalt shingle roof and open eaves.  The office 
building has open gable vents at each end that appear to not have screen protection.  A 
trailered generator and other miscellaneous items are stored on the site, some directly against 
the buildings.  There area is surrounded by asphalt and gravel and there is a green irrigated 
slope around the back side of the facility that consists of dead materials and overgrown mature 
trees. 
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Needs: 
The buildings are showing signs of weather and wear with minor signs of dry rot damage at the 
ground level.  Recommendation to replace any rotted wood, and maintain a fresh coat of paint 
to maintain wood integrity.  Recommend enclosing the eaves on both buildings and ensuring 
the gable vents are fitted with 1/8-inch mesh materials to prevent ember intrusion into the 
attic space.  Recommend additional maintenance on the surrounding slopes, removing dead 
materials and thinning the mature trees to provide separation horizontally and 10-feet 
vertically from the ground.  For maximum protection, recommend replacing both buildings with 
ones constructed of fire resistive materials such as masonry or metal. 
 
Additional Recommendations/Observations: 
Maintain the area within the site free of ignitable materials such as annual leaf litter and 
relocate stored materials inside the warehouse or 15-feet from the building. 
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Fox Run, Cowan Heights System: 
 
9928 Fox Run Rd, North Tustin 
 
Observations: 
This site is shared with the local HOA who stores a large mulch pile to the rear of the property.  
The location is surrounded by tennis courts on one side and a private home on the others.  
There are mature eucalyptus and pine trees within irrigated maintained slopes.  There is a 30-
foot by 45-foot wood frame with stucco siding building that houses a booster station. The roof 
is Spanish clay tile with moderate pine needle litter build up.  The eaves are open.  There are 
two 3-foot by 3-foot vents with ¼-inch mesh.  The area is within a historical fire corridor and 
although surrounded by improvements, is subject to ember ignitions from an approaching fire. 
There is a trailered generator parked on the site in close proximity to the slope. 
 
Needs: 
Routine maintenance is required at this site to remove build-up of leaf litter and pine needles.  
Recommend enclosing the open eaves and replacing the ¼-inch mesh on the vents with 1/8-
inch mesh. Continue to maintain the slopes, removing dead materials and maintain tree 
trimming. 
 
Additional Recommendations/Observations: 
None 
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Huntington Horn, Cowan Heights System: 
 
11272 Reservoir Rd, North Tustin 
 
Observations: 
This location is well within the community but because it is in a historical fire corridor it is 
subject to ember intrusion from a Santa Ana wind driven fire.  The site is on top of a knoll, 
surrounded by mature pine trees and private homes.  The reservoir is a concrete tank half 
buried and has a wooden roof with rolled roofing and open eaves with screened sides. 
 
Needs: 
Routine maintenance is needed at this site to remove leaf litter and pine needles from the roof 
and around the site.  Recommend replacing the wooden roof with one made from fire resistive 
materials such as aluminum.  As an alternative, recommend enclosing the eaves around the 
tank and replaced the screening with 1/8-inch mesh material. 
 
Additional Recommendations/Observations: 
This site is surrounded by mature pine trees that provide a level of view shedding for the site.  
Recommend annual tree trimming to remove dead branches and keep limbs no lower than 10-
feet above the ground level. 
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Kimberwicke, Cowan Heights System: 
 
1684 Kimberwicke Drive, North Tustin 
 
Observations: 
The booster pump is located in an underground vault in the street.  An electrical/control 
cabinet sits on a concrete pedestal next to a sidewalk between private homes.  There is a low 
risk of wildfire loss at this site; however, the location is within the ember fall zone for fires 
burning in this historic fire corridor and ornamental vegetation could be ignited in turn 
damaging the cabinet.   
 
Needs: 
Ornamental vegetation is planted around the cabinet to shield the view from neighbors.  
Recommend maintaining the vegetation 3-feet from the cabinet in all directions to reduce the 
risk of heat damage in the event of a fire. 
 
Additional Recommendations/Observations: 
None 
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La Vereda, Cowan Heights System: 
 
11382 La Verdea, North Tustin 
 
Observations: 
This location is on the outskirts of the historical fire corridor and is surrounded by private 
homes.  The assets within the site are protected by a masonry wall with the booster pumps 
located inside a concrete structure with a non-combustible roof.  Exterior mounted equipment 
is mounted on a block wall covered by a metal roof.  This site is at a low risk of impact from 
wildfire and is a good example of fire resistive best practice mitigations. 
 
Needs: 
There is a significant amount of ornamental vegetation in the neighbor that may produce leaf 
litter.  Because this site is mostly enclosed it is subject to leaf litter build-up which may be 
ignitable if exposed to ember fall out.  A fire of this type would be of low intensity and would 
likely not damage the facility.  Recommend routine removal of accumulated leaf litter from the 
site. 
 
Additional Recommendations/Observations: 
None 
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Peacock, Cowan Heights System: 
 
1131 Peacock Hill, North Tustin 
 
Observations: 
This location is on a hilltop with private homes below.  There is a mix of native vegetation on 
the slope to the rear of the site with irrigated slopes throughout the remainder.  The site 
consists of above ground and in ground reservoirs, generator, booster pump station and 
SCADA/electrical cabinets. There is a 30-foot by 50-foot vinyl fence around the booster pumps.  
The site is protected by chain link fencing.  This is a well-maintained site covered with asphalt 
and gravel.  Assets on the site are constructed of fire resistive materials and one in ground 
reservoir is currently being retrofitted with a metal roof.  The location is within the historical 
fire corridor and is subject to ember fallout from fires burning in the Peter’s Canyon Regional 
Park area. It is not likely to have ember ignited fires within the site; however, the site may be 
impacted by indirect heating from fires established on the surrounding slopes. The heat 
generated may be sufficient to result in damage or ignition of the vinyl fencing. 
 
Needs: 
The area within the fence lines are well maintained and require regular scheduled maintenance 
to maintain its pristine condition.  The slope to the rear is overgrown with native vegetation 
and has been cleared to the property line.  To provide maximum protection to the facility, 
recommend working with adjacent property owners to remove dead materials and reduce the 
fuel volume on the slope by 50% between the fence line and the homes below. While the risk is 
low, recommend to consider replacing the vinyl fence with one made from non-combustible 
materials such as aluminum. 

ATTACHMENT FH02 
17 of 24



 
 

Additional Recommendations/Observations: 
This site is prone to storage and numerous pallets of both combustible and non-combustible 
items along with a debris pile were observed along the fence line.  Recommend limiting the 
storage along the fence lines and allowing only non-combustible items to be stored in this 
location.  Recommend removal of debris pile. 
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Timberline, Cowan Heights System: 
 
1008 Timberline Ln, North Tustin 
 
Observations: 
This location is on a hill top surrounded by native vegetation.  The site is within a historical fire 
corridor and is in alignment for ember fallout from fires burning in the Peter’s Canyon Regional 
Park area.  There is a metal reservoir, 7-foot by 14-foot wooden shed with an open eave roof 
and electrical and SCADA equipment panels mounted on plywood sheeting and concrete 
pedestals near the perimeter fence line in close proximity to fuel beds.  The area is free of 
ignitable materials with a well-maintained gravel bed surrounding assets. 
 
Needs: 
This site requires routine maintenance to remove leaf litter and control weeds within the fence 
line.  The shed requires the eaves to be blocked in and enclosed.  Recommend replacement of 
the wooden shed with one made from non-combustible materials such as masonry block.  
Recommend mounting the exposed cabinets on a non-combustible surface or relocating inside 
a fire resistive building. 
 
Additional Recommendations/Observations: 
It is likely that sufficient embers could fall into this site resulting in ignition of the wooden shed.  
It is likely that ember fallout will ignite native fuels on the slopes below and the site will be 
impacted by high indirect heat intensity.  Recommend working with adjacent property owners 
to remove dead vegetation and reduce native fuels by 50% for a distance of 100-feet from the 
fence line to provide maximum protection to the site. 
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ROHDE & ASSOCIATES LLC- 
EMERGENCY MANAGEMENT 

March 23, 2020 
 
 
Dane Sinagra, P.E. 
Capital Program Manager 
Golden State Water Company 
 
RE:  Morongo Del Norte Wildfire Resiliency Review 
 
Dear Dane, 
 
Please find attached a summary of findings for the Morongo Del Norte District from our wildfire 
resiliency inspection conducted on February 24, 2020. 
 
The Morongo Del Norte was found to be in older condition with two sites under construction to 
upgrade equipment and add new facilities. All sites are surrounded by desert fuels and have a 
risk of impact from wildfire. 
 

Facility Name Status Summary Wildfire Risk 
Bella Vista Moderate Recommendations Moderate 
Highway Moderate Recommendations Moderate 
Navajo – Reservoir and Tank Minor Recommendations Low 
Elm Minor Recommendations Low 

 
Please let us know if you have any questions regarding this report.  We anticipate your 
engineering staff may have additional questions regarding these findings.  We will be happy to 
communicate with them directly as this occurs. 
 
Thank you for your consideration, 
 
Sincerely, 

 
Michael S. Rohde, 
CEO/Principal 
MichaelSRohde@gmail.com 
(949)275-4545 
 

www.RohdeAssociates.net 
30 Via Gatillo, Rancho Santa Margarita, CA 92688  24 hrs.: 949.275.4545 
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Bella Vista, Morongo Del Norte System 
 
9345 Bella Vista Dr, Morongo Valley 
 
Observations: 
This facility is currently under construction adding a Uranium water treatment plant.  The 
location is in desert landscape surrounded by desert sand and native vegetation.   There is good 
clearance outside the perimeter fencing with the exception of the side where the electrical 
cabinets and shed are located.  Electrical cabinets are mounted on metal pipes next to the 
perimeter fence and are exposed to flames and heat from an approaching fire.  The shed is a 
12-foot by 12-foot fiberglass shed with a fiberglass roof.  The shed has one 12-inch by 12-inch 
vent with 1/4-inch mesh.  There also is a generator on site.  This area is subject to wind driven 
desert fires and is at risk of damage from wildfire. 
 
Needs: 
New construction should meet current Building Code Chapter 7-A standards for building in a 
wildfire area.  If not replacing the fiberglass shed, the vent should be changed to one meeting 
current standards of 1/8-inch mesh.  While costly, this site would benefit from a fire resistive 
wall around the entire perimeter to limit flames, embers and heat from impacting the 
equipment and buildings.  Measurements were not taken of the perimeter due to construction.  
An alternative would be to reduce the surrounding vegetation by 50% for a distance of 100-feet 
around the site.  This would require annual maintenance and annual costs. An additional option 
would be to provide fire resistive shielding around the electrical cabinets, generator and shed in 
the form of a fire resistive wall sufficient height to rise above each protected component.  Walls 
should be placed between the equipment and the vegetation.  Measurements were not taken 
due to construction and uncertainty of the final location of equipment on the site. 
 
Additional Recommendations/Observations: 
Maintain the interior of the site free of ignitable materials such as annual weeds or vegetation 
blown into the site. 
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Highway, Morongo Del Norte System 
 
9522 Sundown Trail, Morongo Valley (sign at the site indicates 9446 as address) 
 
 
Observations: 
Surrounded by desert landscaping, there is an 8-foot by 8-foot wooden shed with 3-tab asphalt 
shingle roofing and open eaves on this site.  The shed has eight vents that are 12-inch by 12-
inch with ¼-inch mesh.  The area within the perimeter of the fence is desert sand and gravel 
with signs of annual weed growth. To one side of the site is a commercial stone sales business 
with a dirt road along the front and sparse desert vegetation surrounding the other two sides.  
The site is subject to the impacts of a wind driven fire which may result in loss of the wooden 
shed and damage to equipment. 
 
Needs: 
The wooden shed is the greatest asset at risk at this site. There are two options to protect the 
shed; enclose the open eaves and replace the eight vents with ones that meet current 
standards with 1/8-inch mesh or replace the entire shed with one made from fire resistive 
materials such as masonry block.   For maximum protection, replace the perimeter chain link 
fencing with masonry wall 6-foot high by 240-feet in length. 
 
 
Additional Recommendations/Observations: 
Maintain the area within the perimeter free of annual grasses and other ignitable debris.  
Reduce fuels surrounding the site to maintain plant separation to limit the intensity of an 
approaching fire. 
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Najavo, Morongo Del Norte System: 
 
8850 Navajo Trail, Morongo Valley (sign at site indicates address as 51620 Northridge Rd) 
 
Observations: 
There are two facilities at this site, a storage reservoir and a pump station with pressure tank.  
The storage reservoir is located mid slope surrounded by desert sand with sparsely populated 
light desert fuels. The reservoir has a low risk of damage from an approaching wildfire. The 
pump station and pressure tank is located at the bottom of the hill surrounded by desert sand 
and sparsely populated medium desert fuels.  The risk at this location is also low, however it is 
at greater risk than the reservoir due to proximity of native fuels and construction features.  
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The pump station and pressure tank area has a generator on site along with electrical cabinets 
mounted on plywood 4-foot by 8-foot sheeting.  Plywood boxes 4-foot by 8-foot by 2-foot cover 
the pumps. 
 
Needs: 
Reduce the fuels a distance of 50-feet surrounding the site to limit heat intensity of an 
approaching fire.  For maximum protection, mount the electrical cabinets on a non-combustible 
surface.  Recommend mounting to be similar to what is currently used to mount the cabinets 
containing the SCADA equipment.  Recommend replacing the wooded covers with ones made 
from aluminum or other non-combustible materials. 
 
Additional Recommendations/Observations: 
Maintain the site clear of annual leaf litter, continue with trimming of annual grasses within the 
perimeter of the fence and around the exterior of the fence line of the pump station as well as 
the storage reservoir. 
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Elm Street, Morongo Del Norte System: 
 
51318 Elm St, Morongo Valley 
 
Observations: 
The site is currently under construction adding a chlorine and uranium water treatment facility.  
The site is a next to a dirt road adjacent to a single- family residence and open desert 
landscape.  There is an 8-foot by 8-foot wooden shed with a 3-tab asphalt shingle roof , open 
eaves and with six 12-inch by 12-inch vents with ¼-inch mesh currently on the site along with 
electrical cabinets mounted on plywood sheeting against the rear fence line.  The site is at low 
risk of impact from wildfire; however, construction features increase the risk of asset losses 
should fire burn through this area. 
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Needs: 
The wooden shed is in average repair, showing signs of weather and wear.  Recommend 
replacement of this shed with one constructed of fire resistive materials such as masonry block.  
At a minimum, the eaves should be enclosed and the shed should receive annual maintenance -
caulking any cracks, applying fresh coat of paint and inspecting the roof.  Additionally, the vents 
should be replaced with vents containing 1/8-inch mesh.  The electrical cabinets should be 
mounted on a non-combustible surface or protected by installation of a fire resistive wall to 
separate the cabinets from adjacent fuel beds. Recommend installation of a masonry wall 
behind the cabinets, 10-feet in height and 12-feet in length. 
 
Additional Recommendations/Observations: 
Remove any build-up of annual accumulation of leaf litter and weed inside the perimeter fence 
and reduce the fuels for a distance of 50-feet surrounding the site. 
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About the Water Research Foundation

sponsors research that enables water utilities, public health agencies, and other professionals to provide 
safe and affordable drinking water to consumers.

The Foundation’s mission is to advance the science of water to improve the quality of life. To achieve this 
mission, the Foundation sponsors studies on all aspects of drinking water, including resources, treatment, 

government, allowing for resources to be leveraged, expertise to be shared, and broad-based knowledge 
to be developed and disseminated.

From its headquarters in Denver, Colorado, the Foundation’s staff directs and supports the efforts of 
more than 800 volunteers who serve on the Board of Trustees and various committees. These volunteers 
represent many facets of the water industry, and contribute their expertise to select and monitor research 

Research results are disseminated through a number of channels, including reports, the Website, 
Webcasts, workshops, and periodicals.

The Foundation serves as a cooperative program providing subscribers the opportunity to pool their 

its inception, the Foundation has supplied the water community with more than $460 million in applied 
research value.

More information about the Foundation and how to become a subscriber is available at www.WaterRF.org.

©2013 Water Research Foundation. ALL RIGHTS RESERVED.
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DISCLAIMER

This study was funded by the Water Research Foundation (The Foundation). The Foundation 
assumes no responsibility for the content of the research study reported in this publication 

or for the opinions or statements of fact expressed in the report. The mention of trade 
names for commercial products does not represent or imply the approval or endorsement 

of the Foundation. This report is presented solely for informational purposes.

by Water Research Foundation

No part of this publication may be copied, reproduced

©2013 Water Research Foundation. ALL RIGHTS RESERVED.
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CHAPTER 1  
INTRODUCTION  

MANGANESE IN DRINKING WATER 

Current Manganese Regulatory Framework 
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Manganese and Health Concerns 
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Recommended Treatment Goal for Mn 

MANUAL OBJECTIVE 
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CHAPTER 2  
SCIENCE OF MANGANESE 

OVERVIEW OF THE SCIENCE OF MANGANESE 

CHEMISTRY 

Oxidation/Reduction 
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Precipitation/Dissolution 

rate
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Sorption/Desorption  

Interrelationship of Chemical Processes 
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BIOLOGY 

Manganese Oxidation 

Manganese Reduction 
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RELATIONSHIP BETWEEN MANGANESE AND IRON CHEMISTRY 

Relevant Aspects of Fe Chemistry 
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Impacts of the Presence of Fe on Mn Treatment 
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OTHER RECOMMENDED RESOURCES 

Occurrence, Impacts and 
Removal of Manganese in Biofiltration Processes
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CHAPTER 3  
SOURCES AND CAUSES OF VARIABLE MANGANESE 

NATURAL MANGANESE IN GROUND WATER, SURFACE WATER AND 
RESERVOIRS 

Influence of Geochemistry and Biology on Manganese Occurrence 
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Surface Water 

Lake/Reservoir Sources.   
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Lake/Reservoir Wide Processes 

turnover
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Sediment/Water Interface Processes 

Metallogenium sp
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Chemical Profiles of Stratified Lakes 

Implications for Utilities 
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Stream Sources 

  

Comparison of Manganese in Ground Water and Surface Water Sources 
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RECYCLE STREAMS 
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RELEASE OF MANGANESE FROM ACCUMULATED RESIDUALS (SLUDGE) 
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CHAPTER 4  
MONITORING FOR MANGANESE 

BENEFITS OF MONITORING TO FRAME YOUR PROBLEM 

MANGANESE MONITORING IN THE TREATMENT PLANT 
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MANGANESE MONITORING IN RESERVOIRS 
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Use of Data 

MANGANESE ANALYTICAL METHODS, SIZE FRACTIONATION 
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Sample Collection and Preparation for Analysis 
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Mn Analysis Methods 

Colorimetric Methods 
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Flame Atomic Absorption (AA) 

[Mn2+]ICP = 0.9022[Mn2+]HACH  - 0.0037 
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Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 

Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-ES) 
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CHAPTER 5
SOURCE WATER MANAGEMENT FOR MANGANESE CONTROL 

GROUND WATER SOURCE MANAGEMENT 

SURFACE WATER SOURCE MANAGEMENT BY AERATION 

Hypolimnetic Aeration 
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Complete Reservoir Mixing 

OPERATIONAL USE OF MULTI-LEVEL INTAKE 

Opflow
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Opflow

OTHER RECOMMENDED RESOURCES 

Opflow
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CHAPTER 6  
TREATMENT TECHNOLOGIES FOR MANGANESE REMOVAL 

OVERVIEW OF APPROACHES 

Characterization of Treatment Plant Influent Water Quality 

Removal of Mn 
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Sequestration 

CHEMICAL OXIDATION AND PARTICLE REMOVAL 
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Chemical Oxidation: General Features 

Oxidant Selection 

Dosing 
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Reaction Kinetics 
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Reaction Time and Location of Oxidant Addition 

Determining Oxidation Effectiveness - Bench-Scale Testing & Measurements 
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Effectiveness of Specific Chemical Oxidants 
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Potassium and Sodium Permanganate 
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Chlorine Dioxide 

Cleaning Solution for KMnO4 Stains
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Ozone 
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et al., 
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Dissolved Oxygen 

Free Chlorine (Hypochlorous Acid/Hypochlorite) 
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Hydrogen Peroxide 

Removal of Manganese Particles 
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Groundwater with only Mn as Primary Concern

Groundwater with Mn and other Contaminants 

Surface Water with Pre-oxidation of Mn(II)
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Figure 6.3 Schematic of pre-oxidation treatment for Mn for a surface water. 

Figure 6.4 Fractionation of Mn; direct filtration with permanganate and ozone pre-
oxidation (Tobiason et al 1992) 
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Figure 6.5 Schematic of intermediate-oxidation treatment for Mn for a surface water. 

SORPTION AND CATALYTIC OXIDATION 

Traditional Greensand Process 

The traditional means of removing dissolved Mn(II) via adsorptive uptake has been 
through the use of greensand filtration.  Greensand media utilizes glauconite as the base surface 
followed by chemical deposition of an MnOx(s) surface through an oxidation reaction with Mn.  
The resulting media has a substantial adsorptive capacity for removing dissolved Mn(II) 
(reported at values approximating 1.5 kg/m3).  The adsorptive uptake of dissolved Mn(II) occurs
with the concurrent release of H+ ions to solution.
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Mn Removal by MnOx(s) Coatings on Conventional Filter Media 
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dissolved Mn(II) concentrations at or below 0.015 mg/L (often the concentration may be below 
the detection limit of the analytical instrument).  Such performance levels have been documented 
across dozens and dozens of full-scale water treatment facilities, in situations having dissolved 
Mn(II) concentrations as high as 0.5 mg/L in the filter-applied water.  In some treatment 
facilities analytical testing has confirmed that the MnOx(s) coatings on the filter media are the 
primary means of dissolved Mn(II) removal.  In other situations, addition of a strong oxidant to 
raw or clarified water directly oxidizes a portion of the dissolved Mn(II) to particulate form (as 
in Figures 6.3 and 6.5), with the MnOx(s) coating on the filter media serving as a secondary, 
polishing step for achieving very low residual dissolved Mn(II) levels in the filtered water. 
Figure 6.8 is a schematic of this overall process. 

Figure 6.8 Schematic of surface water treatment with Mn-oxide coated media and pre-filter 
chlorine addition for dissolved Mn(II) uptake; pre-oxidation may also be used (dashed 

lines)
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These MnOx(s) coatings develop naturally on anthracite coal and silica sand filter media 
when the media are exposed to dissolved Mn(II) and free chlorine.  Unfortunately new, uncoated 
media may take several days to several weeks to develop sufficient initial MnOx(s) on the media 
surface to begin yielding effective dissolved Mn(II) removal within the filter.  As a result 
commercial media manufacturers now supply filter media that contains an initial amount of 
MnOx(s) coating, applied by proprietary methods.  Water utilities have also developed their own 
procedures for “soaking” new media in solutions of free chlorine and potassium permanganate 
overnight to promote initial MnOx(s) deposition on the media surface.  Once these initial 
coatings develop the further uptake of dissolved Mn(II), coupled with free chlorine application 
results in deposition of additional MnOx(s) on the media surface, enhancing overall dissolved 
Mn(II) uptake capacity of the filter media.  While a portion of this coating is dislodged and lost 
during backwash operations (and greater amounts dislodged through the use of air scour), there 
is sufficient coating retention to ensure effective dissolved Mn(II) uptake once the filter is placed 
back into service. 

Media samples containing an MnOx(s) coating have been chemically extracted and 
subsequently analyzed by AA or ICP-MS.  Extraction typically employs a powerful reducing 
agent (e.g., hydroxylamine sulfate) under mildly acidic conditions.  Typical MnOx(s) coating 
levels can vary from <1 mg Mn/g media to perhaps 30 to 40 mg Mn/gm media depending upon 
the historical dissolved Mn(II) loading to the filter media and the in-service time of the media.  
While such coating levels provide substantial dissolved Mn(II) adsorptive uptake capacities 
within the filter, they do not significantly impact the size and density of the filter media.  Studies 
have shown that the presence of such MnOx(s) coatings has no discernible effect on the effective 
size, uniformity coefficient or the density of either anthracite coal or silica sand based upon the 
extraction and sieve analysis of media samples from many water treatment facilities.  As such the 
presence of an MnOx(s) coating should not negatively impact the hydraulic behavior of the 
media, especially during backwashing operations.      

The MnOx(s) coatings on filter media also demonstrate a significant affinity for adsorbing 
other metals, including aluminum, iron, calcium and a variety of heavy metals (e.g., Cu, Zn, Ni, 
Pb).  As such these coatings help to remove certain trace metal species from the treated water.  
However, the uptake of these metals has not been shown to negatively impact the adsorptive 
uptake capacity of the MnOx(s)-coated media for dissolved Mn(II) removal. 

Media with a significant MnOx(s) coating level often demonstrate both high dissolved 
Mn(II) adsorptive uptake capacity as well as kinetically rapid rates of uptake.  As a result, most 
of the dissolved Mn(II) present in water is effectively removed within the first six to twelve 
inches of filter media depth, especially at the hydraulic loading rates typically employed in 
conventional dual-media filters (e.g., 2 to 5 gpm/ft2).   

The presence of significant free chlorine (e.g., enough to yield a 0.5 to1.0 mg/L free 
chlorine residual in the filtered water) across the MnOx(s)-coated filter media promotes a 
continuous regeneration of the media surface in a manner similar to that achieved with greensand 
filtration.  If the free chlorine level to a filter is dramatically reduced or even eliminated, the 
MnOx(s) surface will become saturated with adsorbed, unoxidized Mn(II).  The adsorptive 
uptake capacity of the media becomes exhausted and dissolved Mn(II) will begin to appear in the 
filtered water.  While free chlorine may be present in the water applied during filter backwash, 
the total concentration present as well as the contact times typical of backwash operations would 
not yield significant regeneration of the MnOx(s) surface.  Regeneration of the media would 
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instead need to be accomplished by offline addition of substantial amounts of free chlorine 
and/or potassium permanganate in order to promote oxidation of the adsorbed Mn(II) present on 
the MnOx(s) surface. 

Perhaps the most exhaustive research evaluation of MnOx(s) coatings on anthracite coal 
and silica sand filter media was undertaken by Tobiason et al., (2008).  Their work involved the 
evaluation of MnOx(s)-coated filter media from approximately one dozen full-scale water 
treatment facilities in the United States and the United Kingdom.  Cores of filter media samples 
were collected and analyzed for extractable MnOx(s) content as well as dissolved Mn(II) 
adsorptive uptake amounts, both as removed from the filter as well as after full HOCl 
regeneration.  Key findings of the research effort included the following: 

The presence of significant free chlorine in the filter-applied water was critical to
effective dissolved Mn(II) removal across the MnOx(s)-coated media (representative
results shown in Figure 6.9).
The primary removal capacity for dissolved Mn(II) uptake occurs in the upper portion of
the filter bed, where likewise the greatest amount of MnOx(s) coating is present on
the media. This is shown in Figure 6.10 for representative core media samples as a 
function of media depth. As such the vast majority of Mn(II) removal occurs in the
upper reaches of the filter media.
This dissolved Mn(II) removal capacity remains in place and viable throughout the year.
Again, Figure 6.10 demonstrates that very similar levels of Mn(II) uptake capacity were 
observed within a given bed when sampled at different seasonal times of the year.
The typical HOCl concentrations maintained across filter media are effective as 
regenerating a substantial amount of the media’s dissolved Mn(II) adsorptive capacity.  
However, some of that removal capacity is not routinely regenerated by conventional 
HOCl dosing practices (comparative data shown in Figure 6.10). Utilities may find that a
periodic, offline soaking of the MnOx(s)-coated media in concentrated HOCl or 
potassium permanganate solutions could further enhance the adsorptive uptake capacity 
of the media for dissolved Mn(II).
The presence of free chlorine across the filter media can result in a significant increase in 
DBP formation in the water being treated. The authors presented their own research
results as well as the work of other researchers and concluded that the DBP 
increase could be as little as 10% or over 50% depending upon the specific water 
being treated.  Clearly DBP concerns must be factored into any decision to employ this
technique as part of an overall strategy for solubleMn control.
Sampling of filters at a variety of water treatment facilities yielded wide variations in 
extractable MnOx(s) surface concentrations on the media. These coating variations are 
shown in representative scanning electron micrograph (SEM) images of media grain 
cross-sections shown in Figure 6.11. The coatings are shown as lighter color bands on 
the surface of the media. Thicknesses range from the order of 50 to 100 μm to just a few 
μm, with corresponding manganese levels of 30 to less than 1 mg Mn per gram of media. 
The research also demonstrated that the majority of active soluble Mn(II) adsorptive 
uptake probably occurred on the outer surface of the MnOx(s) coating, as short-term Mn 
uptake capacity did not consistently increase in proportion to coating levels above a few 
mg Mn per gram of media. As such, it is not necessary to have substantial amounts of 
MnOx(s) coating present for media to function quite effectively for soluble Mn(II) 
removal.
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Figure 6.9 Effect of free chlorine on effluent Mn concentration (Tobiason et al 2008) 

Core―filter media samples, Sample source―Harwood’s Mill Water Treatment Plant, Newport News, Va
Figure 6.10 Temporal variations in Mn uptake capability of media samples as a function of 

bed depth: Core-filter (Tobiason et al 2008) 
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Post-Filter Contactors for Mn Removal 
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BIOLOGICAL PROCESSES 

Process Principles 
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Full-Scale Treatment Examples 

Woodstock New Brunswick (Canada)
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Hutchinson, Minnesota 

Lake Havasu City, Arizona 

Sorgues, France 
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Leptothrix Gallionella)
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SEQUESTRATION 

Sequestering Agents and Dosing 
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Assessing Sequestration Effectiveness 
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INTEGRATION OF MANGANESE CONTROL WITH OVERALL TREATMENT 

 

 

 

 

 

 

©2013 Water Research Foundation. ALL RIGHTS RESERVED.

ATTACHMENT LA04 
110 of 169



 

 

Oxidant Dosing 

Chlorine and DBPs 
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Control of Manganese in Residuals 

Release of Mn from Media Surfaces 
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OTHER RECOMMENDED RESOURCES 

Iron and Manganese Removal Handbook

Handbook of Public Water Systems

Journal American Water Works Association
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CHAPTER 7  
CASE STUDIES 

CITY OF WESTMINSTER, CO 

Background 
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Developing the ORP Installation and Control Approach 
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Operation and Maintenance of ORP Control 

Results 
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CITY OF CHEYENNE, WY, BOARD OF PUBLIC UTILITIES 

Background 

Source Water Supply System 
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R.L. Sherard Water Treatment Plant 

Treatment During Manganese Event 
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Historic Manganese Conditions 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

7/
11

/2
00

0
10

/1
1/

20
00

1/
11

/2
00

1
4/

11
/2

00
1

7/
11

/2
00

1
10

/1
1/

20
01

1/
11

/2
00

2
4/

11
/2

00
2

7/
11

/2
00

2
10

/1
1/

20
02

1/
11

/2
00

3
4/

11
/2

00
3

7/
11

/2
00

3
10

/1
1/

20
03

1/
11

/2
00

4
4/

11
/2

00
4

7/
11

/2
00

4
10

/1
1/

20
04

1/
11

/2
00

5
4/

11
/2

00
5

7/
11

/2
00

5
10

/1
1/

20
05

1/
11

/2
00

6
4/

11
/2

00
6

7/
11

/2
00

6
10

/1
1/

20
06

1/
11

/2
00

7
4/

11
/2

00
7

To
ta

l M
an

ga
ne

se
 (m

g/
L)

Date

©2013 Water Research Foundation. ALL RIGHTS RESERVED.

ATTACHMENT LA04 
123 of 169



0.000

0.200

0.400

0.600

0.800

1.000

1.200

1.400

1.600

1.800

2.000

27
-M

ay
-0

6

3-
Ju

n-
06

10
-J

un
-0

6

17
-J

un
-0

6

24
-J

un
-0

6

1-
Ju

l-0
6

8-
Ju

l-0
6

15
-J

ul
-0

6

22
-J

ul
-0

6

29
-J

ul
-0

6

5-
Au

g-
06

12
-A

ug
-0

6

19
-A

ug
-0

6

26
-A

ug
-0

6

2-
Se

p-
06

9-
Se

p-
06

M
n,

 m
g/

L

Date

Mn Raw
Mn Clearwell

Period 1

Period 2

Period 3

©2013 Water Research Foundation. ALL RIGHTS RESERVED.

ATTACHMENT LA04 
124 of 169



Solving the Manganese Problem in Cheyenne 
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Manganese Removal Operations Within the Newport News Waterworks Facilities 
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Manganese Control for Residuals Handling Systems 
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AQUARION WATER COMPANY OF CONNECTICUT 
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Results 

in-situ
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METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA 

Background 

Evaluation 
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Conclusions/Recommendation 
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SIOUX FALLS, SD 

Background 
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Practical Application 
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Evaluation of Oxidants  
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Practical Application 
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APPENDIX A.  SAMPLE SPECIFICATION FOR FERRIC COAGULANT 
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PRELIMINARY DESIGN MEMORANDUM 
 

Florista, Site Grading & Paving Project 
West Orange County System 

Los Alamitos CSA 
Orange County District 

 

Date:  January 31, 2020 

Project Location:  Florista Plant 

OBJECTIVE 
The objective of this project is to grade, pave and improve drainage at Florista plant. 

BACKGROUND 
The existing paving and grade does not drain surface water away from the steel reservoirs.  
Drainage ponds around and under reservoirs causing corrosion and increased maintenance. 

EXISTING FACILITIES 
The existing water infrastructure facilities: 
• Three 1.5 MG welded steel reservoirs with a total capacity of 4.5 MG 
• A water well with chlorination 
• Two sets of water booster pumps 

PROPOSED FACILITIES 
The proposed improvements include: 
• Remove paving and grade site 
• Install electrical conduits 
• Modify reservoir ring walls and drainage facilities 
• Pave site with ACC 

See Project Cost Estimate for detail scopes.  
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